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Abstract—This paper proposes a single relay selection scheme in 

cooperative communication. Decode-and-forward scheme is 

considered when a source node wants to cooperate with a single relay 

for data transmission. To use the proposed single relay selection 

scheme, the source node makes a little different pattern signal which is 

not complex pattern and broadcasts it. The proposed scheme does not 

require the channel state information between the source node and 

candidates of the relay during the relay selection. Therefore, it is able 

to be used in many fields. 

 

Keywords—Relay selection, cooperative communication, df, 

channel codes.  

I. INTRODUCTION 

ULTIPATH fading is one of the primary problems in the 

wireless communications. To solve this problem, many 

schemes have been studied. One of the solutions is diversity. 

Time, frequency and spatial diversity techniques are used to 

decline for the effect of fading. The multiple-input and 

multiple-output (MIMO) is the one of the schemes to make 

diversities. The multiple transmit and receive antennas are able 

to make space-time diversity. Therefore, the receiver can get 

more reliable signal-to-noise ratio (SNR). But, it is difficult for 

mobile devices to use MIMO due to size, power limitation, 

costs and so on. To adapt MIMO to mobile devices, a 

cooperative communication was proposed and has been studied 

in the literature with different channel and system model 

assumptions. Two major schemes are amplify-and-forward (AF) 

and decode-and-forward(DF). AF scheme amplifies the 

received signal and forwards the amplified signal to the 

destination node at the relay. Because of its simplicity, AF 

scheme has been adapted in many applications. DF scheme 

decodes the received signal, re-encodes and forwards to the 

destination node at the relay. Because of decoding the received 

signal, the effect of the noise is reduced in received signal. 

Therefore, DF scheme is more durable about the noise than AF 

scheme. Moreover, it is more powerful when the channel 

coding is integrated [1], [2]. 

When the received signal is not able to be decoded correctly, 

the relay transmits the wrong signal. Therefore, the destination 

node has difficulty in decoding correctly due to the received 

signal from the relay. Therefore, a selection of the good relay is 

one of the important issues in the cooperative communication. 

To overcome this problem, many researchers have been studied. 
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One of the solutions is to compare to each instantaneous SNR at 

the relay [3]. In this scheme, all nodes know all information in 

order to calculate each SNR at each relay. Another solution is to 

set specific threshold. When an instantaneous SNR is higher 

than threshold at some relays, the source chooses this relay for 

cooperative communication [4]. This scheme has a difficulty in 

fixing the threshold because the channel is time-varying, not 

fixed. Besides, many schemes have been studied and proposed 

[5]. 

In this paper, the proposed scheme uses a little different 

pattern for the relay selection. In addition, the source node 

broadcasts this pattern repeatedly to choose the best relay for 

cooperative communication and collects the information of the 

candidates. The proposed scheme selects the best relay by 

checking this information. 

This paper is organized as follows. Section II deals with the 

basic DF scheme system for cooperative communication. 

Section III deals with the proposed scheme. Section IV deals 

with simulation results and discussions. Section V is the 

conclusion. 

II. BASIC DF SCHEME SYSTEM 

In this section, the basic DF scheme system is considered. 

Fig. 1 is the general environment. In general, a source node and 

many candidates such as the relay exist. The source node wants 

to transmit its data to a destination node. But, the channel state 

between the source and the destination node is not good or it is 

difficult for the source to transmit because it is far between the 

source and the destination node. Therefore, the source node 

tries to find the best relay for transmitting its data. Fig. 2 shows 

the basic DF scheme system in cooperative communication 

after relay selection. This system consists of two time slots such 

as the first time slot and the second time slot. 

In the first time slot, the source node encodes the data which 

the source wants to transmit. In DF scheme, some channel 

codes are considered like convolutional codes, Reed Solomon 

codes, turbo codes and LDPC. By using these channel codes, 

the DF system is more tolerant for the effect of the noise. After 

the channel encoder, the source node modulates the encoded 

data like QPSK, 16QAM and so on. After that, the source node 

broadcasts the modulated data. Upon receiving broadcasted 

data, a selected relay demodulates it. After that, the selected 

relay decodes the demodulated data by using the channel codes. 

If decoding outcome is fail, the selected relay is idle. If 

decoding outcome is successful, the selected relay process 

re-encodes and re-modulates the decoded data. 

In the second time slot, the selected relay transmits the 

re-modulated data to a destination node. In the destination node, 
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two data are received. 

 

 

Fig. 1 General environment before the relay selection 

 

 

Fig. 2 Basic DF scheme system 

 

The destination node uses maximal ratio combining (MRC) 

for combining them from the source node and the selected 

relay. The MRC process is presented as, 
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where
1RSD
and 

2RRD
 are received data from the source node 

and the selected relay. h is the complex fading channel 

coefficients and 
*h is the conjugated fading channel 

coefficients. R is the code rate of the channel encoder, 
bE is 

the energy per transmitted message data and n  is zero mean 

additive white Gaussian noise. After MRC process, the 

destination node demodulates x1 and decodes. After that, the 

destination node is able to gain the data of the source node. 

III. PROPOSED SCHEME FOR SELECTION OF THE BEST RELAY 

In this section, the proposed scheme for selection of the best 

relay is considered. Before transmitting the data, the source 

node selects the best relay among candidates of the relay.  

 

 

Fig. 3 Data for the relay selection 

 

In this paper, the best relay means that channel between the 

source and the best relay has a little effect of noise. In other 

words, the best relay is able to help the source node to transmit 

its data more reliably. If the selected relay is not best, the 

reliability of the received data in the destination node is 

reduced. Therefore, selection of the best relay is an important 

factor in cooperative communication.  

The proposed scheme uses a characteristic of the modulation. 

Each modulation has a different bit error rate and symbol error 

rate in channel condition. According to required modulation 

scheme, the proposed scheme also uses required modulation 

scheme. Since the proposed scheme uses only modulation, the 

proposed scheme does not require any channel state 

information between the source node and candidates of the 

relay. The data for the relay selection is shown in Fig. 3. Dseq  
is the modulated data symbols. This structure consists of two 

data slots which have the same modulated symbols. After 

making this structure, the source node broadcasts this data to 

the candidates as the relay. After receiving this data, the 

candidates demodulate it and compare front demodulated Dseq

with back demodulated .seqD If the channel state between the 

source node and any candidate is good, bit error between two 

demodulated Dseq  
is low. In other words, two demodulated 

Dseq are similar. If the channel state between the source node 

and any candidate is not good, bit error is higher than channel 

state of other candidates. After checking each BER in each 

candidate, all candidates transmit their information to the 

source node. The source node checks this information and 

selects the best relay. According to iterative number set in 

advance, this process is repeated to select the best relay more 

accurately. 

IV. SIMULATION RESULTS AND DISCUSSIONS 

In this section, the simulation results and discussions are 

considered. To select the best relay, the proposed scheme 

uses100 QPSK symbols in one Dseq
. The iterative number for 

relay selection is 100. After relay selection, the DF scheme with 

OFDM system is considered in cooperative communication. 

The number of subcarriers is 128 and 16QAM is used for data 

modulation. Also, channel coding is considered as 

convolutional codes with 1/2 code rate [6], [7]. This system 

assumes that channel is the independent Rayleigh fading with 7 

tap delays. 4 candidates for the cooperative communication 

with the source node exist and each candidate has SNR gain 
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like -5dB, -2dB, +2dB and+5dB. The SNR gain means that the 

difference between two channels from the source node to the 

destination node and from the source node to each candidate. In 

this simulation, the candidate which has +5dB SNR gain is the 

best relay. 

 

 

Fig. 4 BER performance for proposed scheme, worst case, average 

case and best case in this paper 

 

 

Fig. 5 Throughput for proposed scheme, worst case, average case and 

best case in this paper 

 

Fig. 4 is BER performances of the proposed scheme, the 

worst case (-5dB), the average case and the best case (+5dB) 

and Fig. 5 is throughput performances. The proposed scheme is 

able to select the best relay for the cooperative communication 

due to the same BER performance and throughput with the best 

case. 

The performance of proposed scheme depends on the data 

length for the relay selection. Fig. 6 shows relationship between 

data length for the relay selection and selection probability of 

each candidate as the best relay in SNR=10dB. The data length 

used for the relay selection is 10, 20, 50, 70, 100, 200, 300,500 

and 700. 

 

 

Fig. 6 Selection probability of each candidate such as best relay 

 

 In case the source node uses short data length for the relay 

selection, the source node has difficulty in selecting the best 

case as the best relay. In case the source node uses long data 

length for the relay selection, the source node is able to select 

the best case easily.  

Therefore, the more data is used for the relay selection, the 

more source node selects the best relay. However, the more 

data is used for the relay selection, the more source node 

requires time to select the best relay. 

V. CONCLUSION 

This paper proposes the single relay selection scheme by 

using a characteristic of the modulation. The proposed scheme 

does not require any channel state information during relay 

selection. The simulation results show that the proposed 

scheme is able to select the best relay for the cooperative 

communication. The source node is able to select the best relay 

among candidates of the relay, if the data length for the relay 

selection is considered well. Although the simulation is only 

processed in DF scheme with cooperative communication, AF 

scheme is also adapted when the relay selection is required. 
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